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(57) ABSTRACT 

Flight control System for a rotary-wing aircraft, particularly 
for a helicopter. 

The flight control System comprises at least one flight 
control (LCo, MCy, Pal), first commands being representa 
tive of the position of a flight control (LCo, MCy, Pal), an 
assisted flight control System (CDVE) generating assistance 
values representing Second commands, first unit (CDVE) for 
determining the control commands from the Sum of the first 
and Second commands, and a limitation System (SL) which 
limits the assistance values to first limited values. This 
limitation System (SL) additionally comprises unit for cal 
culating the difference between the assistance values and the 
first limited values, and unit for calculating the Sum of the 
first limited values and of difference and for transmitting it 
as Second commands. 

9 Claims, 2 Drawing Sheets 
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FLIGHT CONTROL SYSTEM FOR A 
ROTARY-WING AIRCRAFT, PARTICULARLY 

FOR A HELICOPTER 

BACKGROUND OF THE INVENTION 

The present invention relates to a flight control System for 
a rotary-wing aircraft, particularly for a helicopter. 

It is known that in a helicopter which has no assisted flight 
control System Such as, for example, an electric flight control 
device (CDVE) or an automatic pilot, there is a correspon 
dence between, on the one hand, the position of the flight 
controls, for example the collective pitch lever, the cyclic 
pitch Stick or the rudder, which can be actuated by a pilot of 
the aircraft and, on the other hand, the axis command applied 
to the helicopter rotor(s) in response to actuation of at least 
one of Said flight controls. This correspondence allows the 
pilot to estimate in particular what proportion of control he 
Still has along each axis. This estimate is generally used by 
the pilot to evaluate his margin for maneuver. 

By contrast, when the helicopter is equipped with an 
assisted flight control System of the aforementioned type, 
which has an action on helicopter Stability, on the decou 
pling or on the adherence to flight parameterS Such as 
attitude or heading, the aforementioned correspondence is 
no longer present, as Specified hereinbelow. 

Thus, for example, in the case of a helicopter equipped 
with an automatic pilot, a jack is generally mounted in the 
control linkage and receives commands from Said automatic 
pilot, these being added to the commands representative of 
the position of the flight controls. In consequence, the 
position of Said flight controls no longer corresponds 
directly to the axis command applied to the rotor(s). This 
axis command is in fact in this case the result of the Sum of 
the commands representing the position of the flight controls 
and of the commands generated by Said automatic pilot. 
A similar situation is encountered in an aircraft equipped 

with an electrical flight control device (CDVE). In this case, 
a computer replaces the aforementioned linkage and jack 
and formulates an overall axis control command including 
the commands from the pilots and the commands from the 
assisted control device. 

Current evolutions in flight control Systems are tending to 
exacerbate the aforementioned problem because, particu 
larly for Safety and flight quality reasons, the assisted flight 
control Systems Such as the aforementioned ones are having 
an increasing influence and benefit, thus requiring an 
increasing amount of authority. This actually entails being 
able to generate higher authority than is currently used in 
conventional equipment. 

DESCRIPTION OF THE PRIOR ART 

So, in order to be able to give the aircraft pilot feedback 
regarding the control margin remaining on each of the flight 
controls, document FR-2 756 252 discloses a flight control 
System for a rotary-wing aircraft, particularly for a 
helicopter, equipped with an assisted flight control System, 
which, in a simple and precise way, allows the pilot to be at 
least partially provided with feedback regarding Said control 
margins left on the various flight controls while at the same 
time acknowledging the flight control assistance afforded by 
Said assisted flight control System. 
To achieve this, that known flight control System com 

prises: 
at least one flight control which can be moved between 

extreme positions by a pilot of Said aircraft, first 
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2 
commands being representative of the position of Said 
flight control; 

an assisted flight control System generating assistance 
values representing Second commands, 

first means for determining control commands for at least 
one rotor of the aircraft from the Sum of said first and 
Second commands, and 

a limitation System associated with Said assisted flight 
control System and comprising a limiter which is 
intended to limit Said assistance values according to the 
position of Said flight control, to limited values 
(transmitted to said first means as Second commands) 
So that, particularly when said flight control is brought 
near to one of Said extreme positions, Said limited 
values are Zero and therefore Said control commands 
approximately correspond to Said first commands. 

Thus, by virtue of this known flight control system: 
the pilot can ascertain the control margin remaining for 

the positions of the flight control, for which this infor 
mation is important, namely essentially for positions 
close to Said extreme positions, and 

the flight control assistance (that is to say the assistance 
afforded in the form of Said Second commands) is 
acknowledged to the greatest possible extent, that is to 
Say particularly when the remaining control margin is 
sufficient for the pilot not to have precise feedback on 
it. 

However, in the case of a flight control System Such as this 
comprising a System for limiting the authority, a problem is 
encountered when the boundaries limiting the authority are 
reached, because at Said boundaries, there is an abrupt 
change from a control law incorporating the flight control 
assistance (when the Second commands are not limited) to a 
“pseudo-direct” control law with no stabilization (with sec 
ond commands limited So that the control commands then 
correspond exclusively to Said first commands increased by 
the value of Said limit on the Second commands, which 
depends on the position of the control) and with a different 
feel, and Vice versa. The transition at Said boundaries of the 
limit of authority is therefore far too abrupt, which in 
particular leads to problems of flying comfort and accuracy. 

SUMMARY OF THE INVENTION 

The object of the present invention is to overcome these 
drawbacks. The present invention relates to a flight control 
System comprising a limitation System which makes it 
possible to bring about a damped transition at the boundaries 
of the limit of authority generated by Said limitation System. 
To this end, according to the invention, Said flight control 

System of the type particularly comprising: 
at least one flight control which can be moved by a pilot 

of Said aircraft, first commands being representative of 
the position of Said flight control; 

an assisted flight control System generating assistance 
values representing Second commands, 

a limitation System associated with Said assisted flight 
control System and comprising a limiter which is 
intended to limit Said assistance values according to the 
position of Said flight control, to first limited values, 
and 

first means for determining Said control commands from 
the Sum of Said first and Second commands, 

is noteworthy in that Said limitation System additionally 
comprises: 

Second means for determining damping values represen 
tative of the difference between Said assistance values 
and Said first limited values, and 
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third means for calculating Second limited values corre 
sponding to the Sum of Said first limited values and of 
Said damping values, and for transmitting the Second 
limited values thus calculated as Second commands to 
Said first means. 

Thus, as far as the assistance afforded by Said assisted 
flight control system and limited by said limiter is 
concerned, a Supplement obtained from the difference 
between the overall assistance control (assistance values) 
and said limited assistance control (first limited values) is 
Superposed by Virtue of the invention on the limited assis 
tance control (first limited values), which makes it possible 
to damp the transition in the control commands at the 
boundaries of the limit of authority generated by Said 
limitation System. 

This damping is performed according to the amplitude 
and, as will be seen below, the dynamics of the assistance 
(assistance values) determined by the assisted flight control 
System. 

In consequence, the present invention makes it possible, 
in the medium term (and to within the dynamics of Said 
control Supplement), to provide a Solution to the problem of 
providing feedback regarding the proportion of axis control 
remaining, while at the same time improving the continuity 
and Significance of the assistance, at the boundaries of the 
limit of authority. 

Advantageously, Said Second means comprise: 
a calculation means which calculates the difference 
between Said assistance values and Said first limited 
values, and 

a filtering means which filters this difference to remove 
the low-frequency Signals from it So as to obtain Said 
damping values, which allows the dynamic part of the 
control Supplement to be acknowledged. 

It will be noted that the time constant of said filtering 
means determines the Significance of the damping of the 
limit of authority. 
AS a preference, Said limiter is formed in Such a way as 

to limit the assistance values, by continuous limitation 
functions, generating minimum limitation when Said flight 
control is brought near to its central position, and maximum 
limitation when Said flight control is brought near to one of 
its extreme positions. 

In addition, in order to optimize the efficiency of the 
present invention, at least Some of Said limitation functions 
may advantageously have variable values dependent on the 
value of parameters, Such as the angular Velocity of the 
aircraft, for example, which can be measured thereon. 

Moreover: 

when the aircraft is equipped with an automatic pilot, Said 
assisted flight control System preferably corresponds to 
Said automatic pilot of the aircraft; and 

when the aircraft is fitted with an electrical or optical 
flight control device, Said assisted flight control System 
and Said limitation System are preferably incorporated 
into Said flight control device. 
BRIEF DESCRIPTION OF THE DRAWINGS 

The figures of the appended drawing will make it easy to 
understand how the invention may be achieved. In these 
figures, identical references denote similar elements. 

FIG. 1 is a Synoptic diagram of a flight control System 
according to the invention, mounted on a helicopter 
equipped with an electrical flight control device. 

FIG. 2 diagrammatically illustrates a limitation System 
according to the invention and relating to just one control 
axis of a flight control System. 
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4 
DESCRIPTION OF THE PREFERRED 

EMBODIMENTS 

Said flight control System according to the invention and 
depicted diagrammatically in FIG. 1 is mounted on board a 
rotary-wing aircraft, in this particular instance a helicopter 
He that is to be flown, although, for drawing clarity reasons, 
the helicopter He has been depicted on a Small Scale, outside 
said flight control system in this FIG. 1. In the example 
depicted, the helicopter He has a main rotor RP intended to 
provide lift and forward travel, and a tail rotor RQ intended 
to provide balance and control the yawing of the helicopter 
He. 

This exemplary embodiment of the flight control system 
for a helicopter, shown diagrammatically in FIG. 1, com 
prises an electrical flight control device CDVE receiving a 
quantity of information and emitting control commands. For 
this purpose, in the example depicted, the following are 
associated in the known way with said device CDVE: 

a collective pitch lever LCo, associated with a transducer 
TCo converting the movements of Said lever into an 
electrical signal sent to the device CDVE by a link e1; 

a cyclic pitch Stick MCy, associated with a transducer 
TCy, converting movements of Said Stick into an elec 
trical signal sent to the device CDVE by a link e2; 

a rudder Pal, associated with a position sensor TPal 
converting the movements of Said rudder into an elec 
trical signal sent to the device CDVE by a link e3; 

a number n of Sensors Cl to Cn, mounted on board the 
helicopter and, in the form of electrical Signals, deliv 
ering a quantity of information regarding the Status of 
Said helicopter He, Such as the air Speed, angular 
Velocities, angular accelerations, attitude, load factors, 
etc., said information being sent to the device CDVE by 
the links El to En; and 

a command combiner MO receiving, via links S1 to S4, 
the control commands formulated by the device CDVE 
from the signals sent by the links e1 to e3 and E1 to En, 
as Specified hereinbelow, and Sending control com 
mands via links S1 to S3 to the servocontrols of the main 
rotor RP and, via the link S4, to the servocontrol of the 
tail rotor RQ. Although this has been depicted inde 
pendently in FIG. 1, for the purpose of simplifying the 
drawing, said command combiner MO is generally 
incorporated into Said electrical flight control device 
CDVE. 

In the known way, Said electrical flight control device 
CDVE determines, using a built-in algorithm illustrated by 
a calculation means CAL, the control commands for Said 
rotorS RP and RQ, acknowledging Simultaneously: 

information representing the respective positions of the 
aforementioned controls, namely the collective pitch 
lever LCo, the cyclic pitch stick MCy and the rudder 
Pal, which can be actuated by a pilot of the helicopter 
He; and 

information delivered by the sensors C1 to Cn relating to 
the status of said helicopter He. 

Thus formed, the device CDVE constitutes an assisted 
flight control System because, when calculating the control 
commands, it acknowledges not only the flight commands 
generated by the pilots, but also the actual Status of the 
helicopter and in consequence determines optimized control 
commands which differ from the commands given by the 
pilots via the flight controls, this being in particular with a 
View to Stabilizing the helicopter He and to optimizing the 
adherence to parameters, Such as heading for example (or 
alternatively attitude, Speed, etc.). 
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In addition, in order to allow the pilot to estimate the 
control margin remaining on each flight control, the device 
CDVE comprises a limitation system SL incorporated into 
and associated with Said calculation means CAL, as illus 
trated by a link 1. 

Said limitation system SL comprises a limiter 3 which is 
intended to limit the importance of the information calcu 
lated from the sensors C1 to Cn and relating to the status of 
the helicopter He in the control commands applied to the 
rotors RP and RO according to the position of the flight 
controls LCo, MCy and/or Pal. 
More Specifically, although not exclusively: 
in the areas of control or of movement of Said flight 

controls LCo, MCy and Pal, for which awareness of the 
axis control margins remaining is important, if not to 
Say essential, to flight control (that is to say essentially 
at the extreme positions of Said flight controls), said 
limiter 3 performs maximum limitation on the com 
mands relating to information regarding the Status of 
the helicopter He So as to obtain correspondence 
between the positions of said flight controls LCo, MCy 
and Pal and the respective axis controls applied to the 
rotors RP. RO: whereas 

in the other areas of control, particularly in the areas of 
control where flight control assistance is needed 
(particularly for central positions of the flight controls), 
said limiter 3 performs minimum limitation so that the 
flight control System acknowledges the flight control 
assistance provided to the greatest possible extent. 

Thus, whenever necessary, precise and effective feedback 
on the control margins remaining is provided, while at the 
Same time acknowledging as much as possible the flight 
control assistance afforded by Said assisted flight control 
system CDVE. 
To Simplify and Sum up, Said flight control System deter 

mines the control commands for each of the axes of control 
of the rotors RP and RQ of the helicopter He, namely 
respectively for flight control in terms of collective pitch, 
roll, yaw and pitch, from: 

first commands representative of the position of Said flight 
controls. To do this, FIG. 2, in a simplified and sche 
matic way, merely represents that part of the flight 
control System that applies to roll control, therefore 
merely represents the cyclic pitch Stick MCy which can 
be moved sideways to control roll. Of course, the 
features of the invention which are specified hereinbe 
low in respect of roll control are also valid for control 
in terms of collective pitch, yaw and pitching, and 

Second commands relating to assistance values which are 
limited by the limiter 3 to first limited values. 

Said first and Second commands are transmitted, via links 
e2 and e2A respectively, to a Summing means 2 which Sums 
Said commands and sends the results via a link Si to the 
servocontrols for the main rotor RP, via the command 
combiner, controlling the rolling of the helicopter He. 

According to the invention, Said limitation System SL 
which, as depicted in FIG. 2, comprises the limiter 3 which, 
in the way described hereinbelow, limits the assistance 
values (received via a link 4 from the assisted flight control 
System and intended in particular to Stabilize the aircraft), 
additionally comprises, in order to damp the transition at the 
boundaries of the limitation it generates: 

means 5, 6 for determining the damping values represen 
tative of the difference between Said assistance values 
received by the duplicated link 4 from the assisted 
flight control System and Said first limited values 
received by a link 7 from the limiter 3; and 
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6 
means 8, in this particular instance a Summer, for calcu 

lating Second limited values corresponding to the Sum 
of said first limited values received by the duplicated 
link 7 and of said damping values received by a link 9, 
and for transmitting the Second limited values thus 
calculated, as Second commands, to the Summer 2 via 
the link e2A. 

Thus, by virtue of the invention, said Summer 8 super 
poses on the limited assistance control (first limited values), 
a supplement obtained from the difference between the 
overall assistance control (assistance values) and said lim 
ited assistance control (first limited values), which makes it 
possible to damp the transition of the control commands at 
the boundaries of the limit of authority generated by said 
limiter 3. 

This damping is achieved according to the amplitude and, 
as will be seen hereinbelow, the dynamics of the assistance 
(assistance values) determined by the assisted flight control 
System. 

In consequence, the present invention makes it possible, 
in the medium term (and to within the dynamics of Said 
control Supplement) to provide a Solution to the problem of 
providing feedback regarding the proportion of axis control 
remaining, while at the same time improving the continuity 
and Significance of the assistance at the boundaries of the 
limit of authority. 
AS can be seen in FIG. 2, said means 5, 6, in order to 

determine the damping values, comprise: 
a calculation means 5 for calculating the difference 

between Said assistance values and Said first limited 
values, and 

a filtering means 6 which is connected by a link 10 to said 
calculation means 5 and which filters this difference, in 
order to remove from it the low-frequency Signals So as 
to obtain said damping values transmitted by the link 9 
to the Summer 8. 

This filtering makes it possible to acknowledge the 
dynamic part of the control Supplement. 
The time constant of Said filtering means 6 determines the 

importance of the damping on the limit of authority. This 
time constant may, in addition, vary dynamically, for 
example as a function of the difference transmitted by the 
link 10, So as to optimize a compromise between providing 
feedback regarding the proportion of axis control remaining 
and the Significance of the assistance at the boundaries of the 
limit of authority. 
Of course, the higher the time constant, the greater the 

damping. So, as far as the dynamic variation is concerned: 
if the difference transmitted by the link 10 is great (the 

assistance values significantly exceed their limitations), 
the pilot is no longer assisted in estimating the control 
margins. He must then quickly reduce (damp) this 
difference in order not to be too far off the limitations; 

by contrast, if this difference is sufficiently low, that is to 
Say if the position is Sufficiently far from the end Stops, 
it can be let through without being filtered too quickly, 
in order to obtain better flight quality of the aircraft He, 

which explains the aforementioned compromise between: 
on the one hand, the provision of feedback regarding the 

axis control proportion remaining, in instances where it 
is beneficial to have Zero difference, and 

on the other hand, the Significance of the assistance, in 
instances where it is beneficial to have a difference 
which passes fully to the control. 

It will be noted that when the aircraft. He is equipped with 
an electrical flight control device CDVE, as depicted in FIG. 
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1, Said assisted flight control System and Said limitation 
System SL are preferably (although not exclusively) incor 
porated into said flight control device CDVE. 

However, the present invention may also be applied, in an 
example which has not been depicted, to an aircraft fitted 
with an automatic pilot. In this case, Said assisted flight 
control System preferably corresponds to Said automatic 
pilot of the aircraft. In addition: 

in a first embodiment not depicted, said first commands 
are generated by a transducer associated with Said flight 
control and converting the movement of Said flight 
control into an electrical Signal; and 

in a Second embodiment not depicted, Said first com 
mands are generated via a linkage and a jack which are 
asSociated with Said flight control. 

In consequence, even in the case of an automatic pilot, the 
asSociated flight control System has the aforementioned 
overall characteristics in accordance with the invention. 

In one particular embodiment, Said limiter 3 is formed in 
Such a way as to limit the assistance values using continuous 
limitation functions, giving rise to minimum limitation when 
the flight control LCo, MCy or Pal considered is brought 
near to its central position, and maximum limitation when 
said flight control LCo, MCy or Pal is brought near to one 
of its extreme positions, as illustrated very diagrammatically 
at 11 in FIG. 2. 

In addition, in order to optimize the effectiveness of the 
limit of authority, at least Some of Said limitation functions 
may have variable values depending on the value of 
parameters, Such as the angular Velocity of the helicopter 
He, for example, which can be measured on Said helicopter 
He. 
Of course, said limiter 3 may just as easily employ 

limitation functions which are entirely asymmetric and more 
generally variable, particularly according to the flight con 
figuration of the helicopter He. 
What is claimed is: 
1. A flight control System for a rotary-wing aircraft 

generating control commands for controlling at least one 
rotor of Said aircraft, Said flight control System comprising 
in particular: 

at least one flight control which can be moved by a pilot 
of Said aircraft, first commands being representative of 
the position of Said flight control; 

an assisted flight control System generating assistance 
values representing Second commands, 

a limitation System associated with Said assisted flight 
control System and comprising a limiter which is 
intended to limit Said assistance values according to the 
position of Said flight control, to first limited values, 
and 
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8 
first means for determining Said control commands from 

the Sum of Said first and Second commands, 
wherein Said limitation System additionally comprises: 

Second means for determining damping values represen 
tative of the difference between Said assistance values 
and Said first limited values, and 

third means for calculating Second limited values corre 
sponding to the Sum of Said first limited values and of 
Said damping values, and for transmitting the Second 
limited values thus calculated as Second commands to 
Said first means. 

2. The flight control System as claimed in claim 1, wherein 
Said Second means comprise: 

a calculation means which calculates the difference 
between Said assistance values and Said first limited 
values, and 

a filtering means which filters this difference to remove 
the low-frequency Signals from it So as to obtain Said 
damping values. 

3. The flight control system as claimed in claim 1, wherein 
Said limiter is formed in Such a way as to limit the assistance 
values, by continuous limitation functions, generating mini 
mum limitation when said flight control is brought near to its 
central position, and maximum limitation when said flight 
control is brought near to one of its extreme positions. 

4. The flight control System as claimed in claim 1, wherein 
Said limiter is formed in Such a way as to limit the assistance 
values, by limitation functions, at least Some of which have 
variable values dependent on the value of parameters that 
can be measured on the aircraft. 

5. The flight control system for an aircraft equipped with 
an automatic pilot as claimed in claim 1, wherein Said 
assisted flight control System corresponds to Said automatic 
pilot of the aircraft. 

6. The flight control system as claimed in claim 5, wherein 
Said first commands are generated by a transducer associated 
with Said flight control and converting the movement of Said 
flight control into an electrical Signal. 

7. The flight control system as claimed in claim 5, wherein 
Said first commands are generated via a linkage and a jack 
which are associated with Said flight control. 

8. The flight control system for an aircraft equipped with 
a flight control device as claimed in claim 1, wherein Said 
assisted flight control System and Said limitation System are 
incorporated into Said flight control device. 

9. The flight control system as claimed in claim 1, wherein 
Said filtering means has a dynamically-variable time con 
Stant. 


